Supplementary figure 4: Visualization snapshots of simulated pure water
The structures of pure water at 3000 K at zero pressure (left) and 30 GPa (right) predicted by LDA (upper two images) are comparable with the GGA prediction (lower two images). Small and large atoms represent H and O atoms with O-H bonds shown. The color of the spheres encode the coordination state of the corresponding atom with respect to the atoms of other species: black = 0, red = 1, yellow = 2, green = 3, and cyan = 4. At the zero pressure, the simulated water consists of nearly 100 percent water molecules (small red-large yellow-small red triplets). At high pressure, O atoms are bonded with three or more H atoms, and also H atoms are bonded with two or more O atoms. The LDA structure at high pressure contains more highcoordination species compared to the GGA one. 
Supplementary figure 8: Mean squared displacement plots at different conditions
Mean square displacement (MSD) as a function of time for all species considered together (total MSD) for model basalt melt at four conditions as shown. In diffusive regime, MSD-time shows a slope of unity in the log-log plot.
Supplementary figure 9: Full set of partial radial distribution functions
RDF matrix (symmetric) plot at three different conditions for hydrous model basalt melt: 0 GPa, 1800 K (black lines), 10 GPa, 3000 K (brown lines) and 105 GPa, 4000 K (yellow lines). The vertical lines mark the first peak (red line) and the minimum after the first peak (blue line).
Supplementary figure 10: Comparison between LDA and LDA+U calculations
Density-pressure profiles for pure MgO, and (Mg,Fe)O with 18.75 wt% Fe at 0 K using spin local density approximation (LDA). Low spin (LS) and high spin (HS) results were obtained using LDA and LDA+U (with U = 5.5 eV). Note that the effects of using Hubbard (U) term on density are almost negligible.
Supplementary Table 1
The calculated pressure (P) and total energy (E) at different volumes for three temperatures for (dry) model basalt used for equation of state fit are given. The uncertainties lie within 0.3 GPa for pressure and 5 meV/atom for energy. 
